Background: Monosodium glutamate (MSG) is a widely used flavor enhancer has been linked to obesity and metabolic syndrome, including progressive liver disease. Nonalcoholic Fatty Liver Disease (NAFLD) is the most common hepatic disorder with an etiology related to changes in diet and lifestyle. Prenatal and postnatal exposure to MSG been shown to affect developing tissues in growing animals. Increased Risk of Non-alcoholic Steatohepatitis has been associated with Vitamin D deficiency. The present study was aimed to investigate the ameliorative effect of vitamin D on MSG induced animal models of steatohepatitis in neonatal rats. Materials and Methods: Eighteen nulliparous female wistar rats were randomly divided into three groups (n=6/group). Group-I received a daily oral dose of 5g/kg body weight of MSG. Group-II received the same dose of MSG along with calcitriol (0.2μg/kg BW). Group-III was treated with saline served as the control. The rats could mate, and treatment was given for the entire period of gestation and thirty days thereafter, during lactation. The histological changes in the liver was observed. Results: Pan-lobular microvesicular steatosis, lobular inflammation and ballooning of hepatocytes was observed in the MSG-treated group. These histotoxic changes were ameliorated in the vitamin D treated group. Conclusion: Vitamin D might be beneficial in the protection of the pre-and postnatal exposed MSG induced steatohepatitis. Further, induction of steatohepatitis in a shorter period could also make it an ideal study model of non-alcoholic steatohepatitis.
INTRODUCTION
Monosodium glutamate (MSG) is the sodium salt of the non-essential amino acid glutamic acid, commonly used as a taste enhancer in fast foods and Chinese restaurants. Its consumption has increased globally in recent years, with recent estimations of the current average daily intake believed to be up to 10 g/day/ person. 1 However, the safety of this compound is not established and has been linked to metabolic and neurological complications. Several hypotheses have been put forward for the pathogenesis of this toxicity. 2 Most plausible hypothesis involves induction of insulin resistance and central obesity brought about by ablation of the arcuate nucleus, the effect being more pronounced in neonates owing to immature blood-brain barrier. 3 It involves glutamate-induced degeneration of regions that regulate feeding and satiety. 4 The insulin resistance along with increased food intake could thus initiate the process of steatosis progressing to steatohepatitis. It is believed that high levels of MSG in the diet of a pregnant woman pregnant women is causative for pathological changes in the developing tissues in the growing neonates. Similarity and analogy in the genomes of the rodents and of the humans places these animal models as an important tool in the study of conditions that affect us and that can be simulated in rats. The active form of Vitamin D, 1, 25-dihydroxy cholecalciferol [1, 25(OH) 2 D] is primarily involved in calcium and phosphate metabolism. Extensive exploration of its possible physiological functions over the past few years have proven its role in immune modulation, inflammation regulation, cell differentiation, and fibrosis, most of which could majorly affect the development and progression of NAFLD. Literature survey shows the positive correlation between NAFLD and vitamin D deficiency. 5, 6 The present study was aimed to investigate the ameliorative effect of vitamin D on MSG induced animal models of steatohepatitis in neonatal
MATERIALS AND METHODS

Experimental animals
Institutional Animal Ethics approval was obtained. A total of 18 adult Wistar rats (weighing 170-200g) were obtained from the Institutional Animal House, were acclimatized for five days in the experimental lab before the experiment. Lab conditions of 12:12h light: dark cycles and at room temperature 26±1°C were maintained. They were contained in individual cages with paddy husk as bedding material. The animals were provided with regular pellet diet and water free access to water. All experimental procedures followed strict guidelines as provided in the "Guide for the Care and Use of Laboratory Animals".
Animal Grouping
The rats were randomly divided into three groups (n=6/group). Group-I received a daily oral dose of 5g/kg body weight of MSG. Group-II received the same dose of MSG along with calcitriol (0.2μg/kg BW). Group III served as a control group which was treated with normal saline orally. The rats were treated during the entire period of gestation and thirty days thereafter, during lactation. Pups from the litters (6/group) were randomly selected from each group on the thirtieth day and sacrificed using ketamine and liver tissue was dissected for histological analysis. 
Calculation of monosodium glutamate dosage
MSG was obtained as crystals of 99.9% purity manufactured by Life Science Laboratories Pvt Ltd., Chennai. A stock solution was prepared by dissolving 250 g of MSG granules in 500 mL saline. Dosages were calculated as per the body weight of animals (5 g/kg bodyweight) and it was administered orally through a garage.
Calculation of calcitriol dosage
Calcitriol (1, 25-dihydroxycholecaliferol) ampoules of 1 mg/mL manufactured by Akums drugs and pharmaceuticals Ltd., Haridwar India were mixed in normal saline to result in a concentration of 0.06 mg/mL. Dosages were calculated as per the body weight of the animals. Cacitriol was administered through an oral gavage (0.2 mg/kg bodyweight).
Histological evaluation
The liver was preserved in in 10% buffered formaldehyde for histologic examination of liver damage. After tissue fixation, the liver samples were taken and embedded in paraffin wax and stained with haematoxylin and eosin solution. The samples were coded to avoid bias and were evaluated and graded.
NASH Scoring
Morphological changes in the liver were assessed using NASH (non-alcoholic steatohepatitis) activity score, which included histological features which has been defined as the un-weighted sum of scores for steatosis (0-3), lobular inflammation (0-3) and ballooning (0-2). According to NASH scores ≥5 are diagnosed as NASH, and cases with the score l<3 were not taken into consideration as NASH. 7 
Statistical analysis
The data were expressed as Mean ± SD from 6 animals in each group. The differences between the groups were compared for statistical significance by the Student's t-test with the level of significance set at p<0.05.
RESULTS
All samples in the control group (Group III) showed normal liver histology. The average NASH score was zero and none of the sections showed acidophil bodies, pigmented macrophages, mega mitochondria, glycogenated nuclei [ Figure 2 ]. All the sections in Group I showed grade-3 steatosis (>66%) [ Figure 3 ] and five of Group II showed grade-2 steatosis (33-66%) [ Figure 4 ] and one section of Group II showed grade-1 steatosis (<33%) steatosis. The difference observed between the groups in the extent of steatosis was statistically significant, p-value being <0.001 [ Figure 5 ]. Lobular inflammation was shown in all specimens of Group I, whereas only two specimens in the Group II showed inflammation. Liver cell ballooning, fibrosis and clear fatty changes were seen in three of the six specimens of Group I [ Figure 3 ] whereas, Group II did not show any of these changes. Glycogenated nuclei were seen in four specimens of the rats treated with MSG when compared with Group II [ Figure 6 ]. The score which is considered as diagnostic criteria for NASH was observed in the MSG treated group when compared with the other groups. Differences in NASH score between individual groups were statistically significant, p-value being <0.001[ Figure 7 ]
DISCUSSION
MSG is a distinct flavor that most of us have experienced most commonly in the tasty Chinese food treats and Asian food ingredients. MSG can cause severe health problems ranging from headaches to strokes in people of all age groups and both the sexes. However, extra precaution is required during the period of pregnancy as it may prove harmful to the mother as well as the fetus developing inside her womb. Glutamate exposure in pregnant women and children could thus possibly be linked higher incidence of toxicity manifestations which can be attributed to immature blood-brain barrier in younger age group. In the present study MSG induced hepatic damage was reversed in the vitamin D treated rats. The results of the present study show the ameliorative role of vitamin D in minimizing the MSG induced hepatic damage. In the recent years, the incidence of NAFLD is increasing worldwide. Research shows that it is greatly influenced by the dietary factors. 1 The histological changes in the neonatal liver tissues were identical with the non-alcoholic steatohepatitis. This was observed in the short duration of exposure when compared to much longer time of exposure in the adult rats. Based on this finding we suggest that MSG induced hepatic damage might provide a novel animal model of NASH. This makes gestational and lactational administration as used in our study a much quicker way to induce steatohepatitis. Vitamin D deficiency is commonly associated with NAFLD and has even been correlated with disease severity. 5 Vitamin D Receptor (VDR) present in the hepatocytes have shown to play role in glucose and lipid metabolism. 8 The irreversible changes of fibrosis and glycogenation of nuclei were absent in vitamin D co-administered group implying that vitamin D might have a beneficial role in preventing progression of non-alcoholic steatohepatitis. Inflammatory amelioration of steatohepatitis by vitamin D could be explained by studies showing high levels of adiponectin, an anti-inflammatory agent found in higher levels in blood of subjects supplemented with vitamin D. 9 Irreversible changes in fibrosis was seen in the animals treated with Vitamin. This could be due to the anti-fibrotic property of vitamin D. This observation agrees with the previous findings. 10, 11 The finding of this study strengthens the hypothesis of a possible link between vitamin D and metabolic syndrome. 5 Cumulatively, our study reports suggest that vitamin D replacement might be effective in the treatment of NAFLD and also supplementation of diet rich in vitamin D might be helpful in minimizing the hepatic damage in the pregnant women consuming food containing MSG .However, clinical trials are required to better evaluate the efficacy of vitamin D replacement and parameters of therapy in NAFLD.
IMPLICATIONS
Vitamin D replacement might be effective in the treatment of NAFLD. Supplementation of diet rich in vitamin D might be helpful in minimizing the hepatic damage in the pregnant women who are consuming more food containing high levels of MSG.
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GRAPHICAL ABSTRACT SUMMARY
• Administration of vitamin D successfully ameliorates steatohepatitis in animal models .Vitamin D might be beneficial in the protection of the pre-and postnatal exposed MSG induced steatohepatitis. Further human clinical trials could establish the beneficial role of Vitamin D supplementation during pregnancy and lactation.
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